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Abstract: Vitamin D is a nutrient with anti-inflammatory properties whose role is currently
being evaluated in COVID-19. Although studies are conflicting, they seem to suggest a role
for vitamin D in reducing disease susceptibility but not in improving clinical outcome. In
order to understand why vitamin D does not seem to have much effect on decreasing disease
severity, it is essential to appreciate pulmonary vitamin D metabolism. To reach the
pulmonary compartment, vascular endothelial cells would need to take up vitamin D from the
blood stream, but they lack vitamin D receptor (VDR) and the activating enzyme CYP27BI1.
Endothelialitis — an important disease manifestation of COVID-19 — is therefore not expected
to be directly affected by vitamin D. Bronchial epithelial cells are usually among the first to
be infected with SARS-CoV-2. They do express both VDR and CYP27B1, but circulating
vitamin D may not reach bronchial epithelial cells without transportation from the blood
stream through the blood vessel wall. Inhalation therapy with vitamin D has therefore been
suggested as an alternative for oral administration to bypass endothelial cells and
efficaciously target bronchial epithelium. In conclusion, based on the principles of pulmonary
vitamin D metabolism, it is not expected that vitamin D administration has a significant effect
on COVID-19 severity. Vitamin D is more likely to reduce SARS-CoV-2 susceptibility, but
reaching the airways with oral supplementation will be difficult and vitamin D inhalation
therapy should be considered.
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Introduction

Vitamin D can be synthesized in the skin as well as obtained from foods and supplements. It
has myriad effects throughout the body, ranging from its classical role in bone health and
calcium-phosphorus metabolism to modulation of the immune response in communicable and
noncommunicable diseases. A meta-analysis conducted before the emergence of SARS-CoV-
2 demonstrated that oral vitamin D administration protects against acute respiratory tract
infections [1]. It has therefore been speculated that vitamin D may play a favorable role in
COVID-19.

Observational studies

Observational studies assessing effects of vitamin D on COVID-19 susceptibility and severity
have been conflicting. In a small Swiss cohort of a little more than a hundred individuals who
underwent nasopharyngeal swab PCR analysis for SARS-CoV-2, vitamin D levels were
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significantly lower in those who were positive compared those who were negative [2].
However, in a larger British study of more than half a million biobank participants no
significant link was found between vitamin D levels and COVID-19-related mortality after
correction for confounders [3]. Panagiotou ef al., on the other hand, showed higher frequency
of vitamin D deficiency in COVID-19 patients admitted to the intensive care unit but also
failed to demonstrate an effect of vitamin D status on survival [4]. Whereas Walk ef al. did
not find differences in vitamin D status between hospitalized COVID-19 patients with poor
and good disease outcomes [5], Jain ef al. demonstrated a strong association between vitamin
D deficiency and COVID-19-related mortality [6]. Israel et al. performed a large multiethnic
population-based study and found a highly significant correlation between prevalence of
vitamin D deficiency and incidence of confirmed SARS-CoV-2 infections [7]. Influence of
vitamin D status on COVID-19-related hospital admissions, [CU admissions and mortality
were not assessed in this study [7].

Intervention studies

To date, two intervention studies have evaluated the effects of vitamin D administration in
hospitalized COVID-19 patients with again conflicting results [8,9]. In a pilot study, high-
dose vitamin D reduced ICU admission rate among hospitalized COVID-19 patients [8].
However, this study had a small sample size and comorbidities (i.e. diabetes and
hypertension) were unevenly distributed between the intervention and control groups, and the
differences lost significance after correcting for this. A more extensive clinical trial is
currently ongoing at this center. Preliminary data from a larger randomized, double-blind,
placebo-controlled multicenter trial in Brazilian hospitalized COVID-19 patients
demonstrated no favorable effects of vitamin D on length of hospital stay, ICU admission
rate, need for mechanical ventilation or death [9]. The effects of vitamin D3 supplementation
were not better in vitamin D deficient (25(OH)D < 50 nmol/L) COVID-19 patients but tended
to be even worse than in those who were vitamin D sufficient at baseline [9].

Systemic and pulmonary vitamin D metabolism

Appreciation of systemic and pulmonary vitamin D metabolism may temper high
expectations of vitamin D supplementation to improve COVID-19 outcome. After dermal
synthesis or absorption from the gut, vitamin D has to be converted by hepatocytes into the
storage metabolite 25-hydroxyvitamin D (25(OH)D). The hormonal metabolite 1,25-
dihydroxyvitamin D (1,25(0OH)2D) is subsequently acquired through conversion of 25(OH)D
by the activating enzyme CYP27B1. Kidneys are the most important contributors to systemic
1,25(0OH)2D levels. Active vitamin D, however, can also be locally formed in the lungs from
free 25(OH)D. Whereas the vast part of serum 25(OH)D is bound to vitamin D-binding
protein, which can only be taken up by cells that express megalin (mainly renal proximal
tubule cells), a small proportion of 25(OH)D is circulating in the free form. This fraction can
also be taken up by megalin-negative cells that express vitamin D receptor (VDR). In lungs,
VDR and CYP27BI1 are expressed in bronchial epithelium but not in endothelial cells [10]. In
contrast, the 1,25(OH)2D-inactivating enzyme CYP24A1 is expressed by both pulmonary
epithelium and endothelium (Figure 1) [10].
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Figure 1. Given that vascular endothelial cells (VEC) lack vitamin D receptor (VDR) and
CYP27Bl, they are unable to use 25(OH)D themselves (by converting this storage vitamin D
into the active metabolite 1,25(250H)D2). In contrast, bronchial epithelial cells (BEC) have
VDR as well as CYP27B1 and vitamin D could therefore have favorable effects in these cells.
However, vitamin D delivery through VEC is not possible, because they lack VDR. Vitamin
D inhalation therapy bypasses VEC and directly delivers vitamin D to BEC.

Airway epithelium

Epithelial cells that cover upper and lower airways are usually the first cells to be infected by
SARS-CoV-2. Vitamin D may play a favorable role in these infected epithelial cells by
dampening potentially devastating hyperinflammatory responses induced by the virus.
Delivery of free 25(OH)D from the blood stream to bronchial epithelium is problematic given
the inability of passage through pulmonary endothelial cells that lack VDR (Figure 1) [10].
Vitamin D inhalation therapy has therefore been proposed as an alternative for oral
administration to effectively reach bronchial epithelial cells [10]. Alternatively, vitamin D
droplets — rather than tablets — might be used to bypass the endothelium. Israel et al.
demonstrated a protective effect from liquid vitamin D formulations against SARS-CoV-2
infections (OR 0.9) in a large population-based study, whereas use of vitamin D tablets was
associated with increased risk (OR 1.2) [7]. A possible explanation might be that a significant
proportion of vitamin D droplets is probably directly absorbed by the epithelial cells of the
oropharynx and does not have to pass endothelial cells.

Endothelialitis

Vascular endothelial cells seem to play a more important role in the pathogenesis of COVID-
19 than of other respiratory tract infections. Data from postmortem lung examinations suggest
that endothelialitis is a more frequent contributor to mortality in patients infected with SARS-
CoV-2 than with influenza A [11]. Absent VDR and CYP27B1 expression combined with
presence of CYP24A1 in pulmonary endothelial cells, however, prevent vitamin D
supplementation from having a direct favorable impact on endothelialitis [10].Vitamin D may
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have some indirect effect on endothelialitis through modulation of immune cells, which
stained occasionally but weakly positive for VDR and inconclusively for CYP27B1 [10].

Elastic fiber metabolism and vitamin K

Elastic fibers are crucial components of the extracellular matrix in dynamic tissues such as
lungs and blood vessels to facilitate deformability and resilience. Their integrity and function
may be hampered by proteolytic degradation as well as calcification. Partially degraded
elastic fibers are particularly vulnerable to calcium because of their increased polarity [12].
Elastic fiber mineralization, on the other hand, may stimulate elastolysis as synthesis of
proteases is upregulated in parallel to increasing calcium content [13]. It has been
demonstrated that levels of both proteases and markers of elastic fiber degradation are
increased in COVID-19 patients and related to poor prognosis [14,15]. Matrix Gla protein
(MGP) is a vitamin K-dependent calcification inhibitor that is small enough to protect the
interior of elastic fibers [16-18]. It has been demonstrated that vitamin K deficiency is
ubiquitous in hospitalized COVID-19 patients and related to poor disease outcomes as well as
accelerated elastic fiber degradation [15]. Vitamin D supplementation may be particularly
troublesome in a state of vitamin K deficiency [19], as vitamin D is thought to further
decrease vitamin K status and stimulate elastolysis [18,20,21]. It may therefore be prudent to
combine any vitamin D supplementation in COVID-19 with K in order to prevent these
negative effects.

Concluding remarks

Data from observational and intervention studies on the effect of vitamin D status and vitamin
D administration during COVID-19 are conflicting. In general, larger studies of higher quality
demonstrate effects on disease susceptibility [7] but not on severity or disease outcome [3,9].
Vitamin D supplementation is generally considered to be safe [22], however, this may not
always be the case [19]. Despite the lack of data demonstrating efficacy and safety, some
governments actively advise their citizens to use vitamin D supplementation. Based on the
above, we find these recommendations premature and propose reconsideration. We argue that
intervention studies should assess the combined effects of vitamin D and K on COVID-19
disease severity rather than of vitamin D monotherapy.
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